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Scheme of TTF Lmac Phase |

Goals: - Test Facility for SC-modules
- Proof-of-principle for SASE-FEL in VUV

* RF photo-injector (laser, gun, booster, bc1)

« Two superconducting acceleration modules

« Magnetic chicane (BC2)

« Two stage spoiler absorber collimation system
* Three undulator modules

* Photon diagnostics

Installation: 390 MeV 140 MeV 20 MeV 4 MeV
Operated: undulator bc 2 \\ bc 1
: oy N
06/99 - - b=
05/02 collimator
< (#3) #2 100 module # 1 booster RF gun
m cavity
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Motivations for the collimation system

Major concern:
Radiation damage of NdFeB

L\

Design beam parameter:

TTF FEL Used
Bunch spacing 1 us 0.11us 0.44/1 us
Beam current 8 mA 9 mA 3-7 mA
SN Bunch charge 8 nC 1nC 2-4 nC
= norm. emittance 20 um 2 um 3-10 um
Beam Energy 150 - 500 MeV 250 MeV
Beam duration 800 us 10-800 us
Repetition rate 10 Hz 1 Hz
Beam power 10 - 36 kW <1.4 kW

Critical issues to be considered:

« absorbed dose in magnets
« vacuum leak due to material crack
* radiological dose outside tunnel

* to be design, manufactured and installed < 2a

— additional active and
passive protection
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<70 kGy
<2-6us
<20-100 W
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Motivation for the collimation system
Radiation hardness of NdFeB magnets -

« Demagnetization strongly dependent on
NdFeB type and the radiation fields

Various experiments:
Co - source: ¥y 1.1 MeV and 1.3 MeV

L. < 10 MGy o effect « Requires the definition of an equivalent
Osaka: (Okuda et.al) 17 MeV electrons absorbed dose
— <28MGy
SRl W T 87 <20MeV noeffects
ik e | R N " cyn
i T, 0 B e e ¢ 2 GeV — hadron release can become critical
water Flow no effect
« overlap between electron and photon beam
TTF dispersive section: 10-30 MeV electrons < 800 kGy no demag. better than ZO“m —> O 1 O 5% f|e|d Changes
ESRF: 180 MeV electrons 5
cnse o |~ I R s R I
180 MeV ABCOE ABCDEABCDEABCDE b Jjgﬁ;’fﬂ:f 181 % EE%%%H e AR,
type E: 65 kGy (>20 MeV) = 1 % remanent loss R e I (O P — 60[
Sl:i)c?eh\ﬁ:\ﬁ (Bizen et al):? GeV electronsmagnem s ec:: :;O ?:1? %—407 : ?f:a(i)ﬂ :-;;.3'1“”"1
Tosl 20
E

beam trajectory due to

1
r|p
1] olz
™~ =2
1
s
h
I

04f S B o[~ dipole errors
_ ‘ T C : 0 1 2 3 4
measurents with VAC396/411 only 1 magnet 41 #2 #3 #4 0 - i z/m
aluminum holder 0 0. 05 0.1 0. 15 0.2
TTF type 70 kGy (>20 MeV) = 1 % remanent loss absorbed dose rate (E > 20 MeV) [MGy]
but discrepance if tantalum is used
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Motivation for the collimation system
Instantaneous heating -

S FEL design parameter:
18 E injectoriacceleralionihunch :acceleration: section E N i undulator iexp.1:e)l_i£p.!|’g BunCh SpaCIng 1 1 1 nS
I imodule 1 compr.2 'module2 | acc.3 | % | | B . .
LS A 1 ] Train duration 800 us
§ral | 1 Charge 1.0nC
1zt | o Norm. emittance 2.0 um
sl | I \UR
L N Spoiler could withstand 6 us beam at design
81 \ optics (=2.5m): Aluminum, 90 um rms, 300 MeV
Eoar | . - - - - -
, AT ost 1 bunch
= 1 M | Cracks from front |-
0; s ~m-—%~ % w | to back unlike to zz
acss linear colliders ||

®'mm

Worse case scenario: Beam sizes of 60 um rms
could crack aluminum within 2.5 us, copper 1.25 us
chamber of undulator 2.0 us, etc.
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Motivations for the collimation system
- radiation outside tunnel shields -

High energy neutrons dominates
equivalent dose level outside tunnel
shielding

230— 460MeV onset of photopion
production mechanism (resonance at

300MeV)

Heavy concrete shields to be added to
tunnel shields

< 10 uSv/h required

= additional heavy concrete shields

surrounding the collimator required

Hadron radiation dose for 10?5 e'/h (0.06% 1,,,,,)
+ concrete blocks

energy tunnel shield only

230 MeV 10 uSv/h 1 uSv/h

460 MeV 100 uSv/h 10 uSv/h
=> at230MeV I,_.<06%-1_.
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(a) 230 MeVand 10" &/h
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A. Leuschner

heavy concrete shield of tunnel

beamline

aluminum target (spoiler 1) undulator modules
I |

0

beam » = SaT ¥ ¥ ¥
| 1-10 mSv/h
: #
1-10 uSwih 0.1-1 puSwh
=500 0 500 1000 1500 2000 2500 zicm
(b) 460 MeV and 10" e7/h . .
aluminum target (spoiler 1) (BC3 Sltuatlon)
,-'f E H i
*’:ﬂm‘ ————————————————————————
|
!
10-100 uSv/h 1-10 uSw/'h 0.1-1 uSw/h
1 1 1 1 1 1 1 1 1 1 1
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®lom _
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additional {heavy Foncrete blocks
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1 1 1 1 1 1 1
=500 0 500 1000 1500 2000 2500 z/om

B [ 7 eEm -
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Generation of beam halo in a RF-gun

. 15
- Example: FEL run 04/2000 o
ar . ! ! = 1
- Bunch charge 1 nC e | T . | E
E | i £ 1102
i i 2l E1 B E G I i £
) Sm_all slice emlttance but large g @@ 2l F J‘.’S,"H"lrfnt S e B e e, | =7
projected emittance due to beamhalo = | ' g8: T # .~ ' 2
: " 5 AU a | E
- Halo formation very sensitive to 2\ ! } TN o, 1° L
charge, magnets and rf settings. N oL AN S %
3 3 | | | e I acceleration module 1
oYY T N
% | 5 10 15 20 °
0.2 ’.% 0.2 beam line z/m
E o h —— E o -4 um slice emittance
H -0.2 B
E
~0:45 h
10 Y2
° Hal ti
alo generation _
é 0 J core alectron  D€focusing space
s BRGNS S < bungh
% s 0 5 10 R Top— 0 5 10 t<t, t=t, t>t,
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Simulation of the beam halo

Beam tracked from the rf-gun to the 3f ‘ P =
center of the collimator (FEL
condition 04/00) 2

In example shown 50% of the beam |/
(core) is perfectly matched to the -
undulator £ of
In this case about 0.5% of beam " |
cannot pass the collimators (about R

80 W for nominal beam current) ol
-3 e ‘ /1//
-4 3 2 1 0 1 2 3
x/mm

Operational experience during FEL runs with saturation:

losses of a few percent at the collimator section
no CSR effects included in simulation
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Dark Current from RF-gun

» emitted dominantly from gun back plane

: Dark current monitor (C.Magne Saclay)
e can be in same order as beam current

BPM I dark 2INJ2 Param. .. |
I A BPM I dark 2INJ2 A
« few percent is accelerated to the dump 00 : 100
Dark current of G4 versus gradient (solenoids on and off)
1200 T T
— —020711.dat
— —020717 .dat
= 020717.dat
1000 — —020730.dat
—— 020730 dat 10
— 020819 dat
—_— 020826 dat
aoobd— 020827 .dat

—— 020828 dat
—— 020828b.dat
—— 020828-2.dat
—— 020829 dat
6001 — o0z0829-1a.dat
—— 020821 dat
020904 dat
—-020909a.dat
400+ —020909b .dat
—— —020910a.dat
—— —020910b.dat
—— 020920 dat
200 ————————=—— [ s

1 IIII|IIIIIIIII!IIIlIIIHIII]IIIIIIlIIII
600. 750. 1000.
Res= 1,Buf= 6 [ s]]

Dark current at Faraday cup [uA]

250

r T = = Camera Tool version 2001-10-20: 2BC2 - image20020907085148.mat
%0 25 30 35 40 wd Tl : s il
gradient at gun cathode [MV/m]

Dark current development of G4 (solenoids on and off) Wh |Ch oneis 2 5

1000

a0o|| —8- gun gradlent 35 MV/m }7@;‘%1%&‘% ,,,,, T 777777 the beam??? :

800

1150
TOOH

600 H
500
400
300

1100

200

Dark current at Faraday cup [ A]

100 50

OO 10 20 30 40 60 70 80

time Sihce 11 July 2002 [days] ra— TR
Dimension / inm
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» emitted dominantly from gun back plane
e can be in same order as beam current

Dark current at Faraday cup [uA]

Dark Current from RF-gun

Dark current monitor (C.Magne Saclay)

1 A
- few percent is accelerated to the dump Lo
Dark current of G4 versus gradient (solenoids on and off)
1200 T T
— —020711.dat
— 020717 .dat
— 020717.dat
10007 — 20t
—_— 020819 d;t
—_— 020826 dat
800 = 020500 ot
— 020828b.dat
— 020828-2.dat
6001+ —— 050829 14 dat
— 020831.dat
020904 dat
—02020%a.dat
400 —020909b .dat
—_— —020210a.dat
— —020210b.dat
— (20920 dat
200F—————————— A -
20 2I 3 a5

Dark current at Faraday cup [ A]

gradient at gun cathode [MV/m]

40

Dark current development of G4 (solen0|ds on and off) Wh IC h one

1000

a0o|| —8- gun gradlent 35 MV/m H@Ikﬂfﬁs

800

TOOH
600 H
500

400
300
200
100

o}
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20
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Scheme of the collimation section

matching
—— L=25m j quadrupoles phase advance along the undulator
—W=m/4—|<V=m/4 Q1-Q4 — Y >n 4
spoiler 1 ‘

QBmm Z)pﬁorll!l?"rr]2 /?/4 ; steerer3

OTR

lI l ﬂ \I l l Wire Undulator

il § 5 N N N BN SN () _EENNNENTTTTTE
beam waist ¢

e beam

m{? THENENNN T ITTIWN

|
BPMI ! I l l BPM Optics at the collimator section:

steerer 1" /- :I\- - 12— ——Ty

absorber 1 steerer 2  absorber 2 | sy

absorber 3 10k

|
I
! undulator
|

|
|
section ACC 3 ' collimator
|
|

» 2 spoilers to restrict the phase space acceptance S
» 2 absorber to remove secondary particles 5 |
» 4 quadrupoles for optics match to undulator g
* 2 bpms to center beam in the spoilers =

* 1 OTR-screen to match beam into collimator g

» 4 steerers to correct for quadrupole misalignments

* toroids and photomultiplier to monitor the transmission
« water cool and temperature controlled

'1
p '
y "4
/ «spoiler 1
center
«=spoiler 2

-t —

I

CS
2
N
>
>

L ATa

8 ]
6

. . 6
linac axis z?m
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Drawing of the collimator section

undulator collimator section acc 3
L. climate chamber side view
[68765.5] 5577 =
453 ,5 1740 = 2500
200 14100 140218 167,5_247,5 G 200 236 850 N67.5 140 216 10060 200
]]— Qag QQQ .-Q Jaﬁl

T |
I L+ § I -} II.ELI
P i1 2 o o o5 e ha aka

L~

Er-mntrant
Enlibraiinnn
Elosbranis

7

v ¥ %E@

e-beam
top view
PM3COL1 OTR1COLA ERPM_D
BPM2COL1 PM1COL1 BPM1COLA1
Q4C0OL1 Q3CO0oL1 Q2C0oL1 Q1COL1 lead shield
Toroid & H1COL1 Toroid 5
WV1COL1
" a Y " )
fede by ll-d- -4 = AR e o L | 1 ° -ﬂ%-"
bt S N L EE = apde o - B ~r-p o ° i Aﬂ%ﬂ i " . k=1 | W
O \ | & | : o |_E \ = L -; i ii - u |
Absorber 3 Absarber 2 Spoiler 2 PM2COL1 Absorber 1 Spoiler 1 fast
+ lead shield shutter
lead shield
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Drawing of the collimator section
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Magnetic Properties of the Undulator

Dipole field at entrance, center and exit of undulator

entrance center . exit
hybrid magnet: S o u 0
o 0.4
A, =27.3mm : o
|<—>| o o
(18] [}
g SR R g
|1 — -oa
-_;:‘ g g g E.:
] 2 ) a
f" a .08 a1 018 0.2 D.ZSII 2 208 21 218 22 225 I( 44 4.45 45 4588 46
e SEEEE s SR R S SRR =
y _ﬁ_r“_ Iy N N longitudinal position z/m
L>Z ; i é i ¢h=12mm 8o
G | | 60
4_§_’,«4_ —"*x*— —"/4— g — content of high harmonics
] =40 -+~ mean(Ax) = 77.91 pm ] first harmonic | Byby | 454.0mT | by | 0.9908
e < rms(A x) = 1.37 um L _ ]
4wl ’ [ 20! ] third harmonic | Bobs | 4.455mT | by | 0.0097
] | | beam trajectory due to fitth harmonic | Bgbs | -0.243mT | b5 | -0.0005
o dipole errors ]
permanent magnet iron pole ‘ p ‘ ‘ ‘
0 1 2 3 4
z/m
quadrupole magnets: . duadrupole field error
\ _e— meas. data of protofype
quadrupole gradients 0.08] T cumingoieg -t |
. e + octupole 0 =7.78e+05 T/m
1.78 : i : = : :
& ® ® ® ® permanent “— measured data 0.06- —— vacuum chamber
magnets for — mean und1 & und2: 1.708 T \ .
iron pole 2 ® ® ® ® dipole field 51 761 — meanund3: 1.743 T 0.04F
1.
Vi I A I AR N N N ) 8 0.021
| - | 2474 E o
permanent | ! I 2 @
magnets for h : | l,\ | | 5 -0.02
quadrupole field || YV Y P || i %1 72l : : : : : -
y I 0 N 3 A’“M\M”MWMJ ~004
©c o o o o] vacuum 8 1.7} | -0.061
" o o o o o chamber - module 1 module 2 module 3 -0.08r .
168, 5 10 15 20 25 30 g 5 0 5 10
number of quadrupole at undulator x/mm
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Performance of the collimator

e Phase space acceptance  (Clearance of collimated beam
to undulator vacuum chamber:

inner acceptance phase ellipse
of undulator 2" = 13.8 um
{ [jund Uund )

. Quasi-monoenergetic beam:

| — E=230MeV.o.=0.1%

outer acceptance phase ellipse
of collimator

clearances [mm]

1.4 mm

osth 1.1 mm
- I N
] 70 72 74 Th i) 80 82 a4
E linac axis z/'m
1 Energy deviation:
-5 | T T | T T '
electron beam L i N s
- [ o I e | [==—-UND3
€y 0.0;11 Lm or | ,«’:‘T"* Tx\_{ S i
norm. €= 5 um A N
g 1 T T T ¥ .
3beam Ubearn) = Pt | Lo e I
(B S R A
e e TR
A A T I AN
s 0 5 T TN
| s S0
X/mm 1.4 | / ! ! ! ! ! ! '\‘L .
(E =230 MGV) 4 mm clearance 3 I ! ! I I I SRS
. . DO
inside the undulator Y |
L I T
energy deviations = AE/E [%]
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Performance of the collimator

 Energy acceptance « Gradient errors of quads

e halo emittance e =1.41.um
100 i
e beam energy between 150 - 350 MeV o |
—_— é‘ 98_ ...... -
z 100 LR /g— o
o 98 = ’
5 Z 996} E 230 MeV
— 96 2
=
Y :> ok
=3 92
g 90 ;
5 88 -—[—— E = 150 MeV; Tcol =47.9 % 1L
— 86 -——| —&— E = 200 MeV; Tcol = 50.1 % i i i i i
% 84 ___| —— E =250 MeV¥; Tcol = 50.0 % ~{ = without gradient errors; bandwidth: —10.5% 10 7.5% T
< a2 —w— E =300 MeV: Tcol = 50.0 % | —&— rms gradient errors 1%; bandwidth: —5.5% lo4.5%
80 | EI = 35(|) MeVl: Tcol =49.9 % -10 Shergy deviaion A E:'EO[‘?Z] 10 15
-20 0 5 10 15 20

eneray deviaion A EIE, (% * Displacements of quads

=> losses are asymetrical w.r.t. AE/E

20 L] —
[1=90.0%
15 [ =900% _9uap
— @ = 99.0 % &, .
= 10 B = 99.9 % % :
L—'ﬂD Bl = 1-1c-5 E* 99.7
w5 E 906
5 0 B 995
= 5 ;
5 -5 2 99 4
g -10 g 99.3 :> nGEdS to. be ............ .............
= 45 90,2 --------- c—orrected --------------------- N
Qo qr-- —a— without d|splacam9nls bandwmlth -10.5% to T 5%
—-20 L . ‘—.&— rrnsdlsplac:an‘entsofﬁﬂum bandwldlh -4, 5“6 o2, S%T
150 200 . 250) 300 350 %%5 10 = _ D % 10 15
nominal energy E; [MeV] energy deviation & E/E  [%]
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X or y/em

e

Secondary particle efficiency

lead shi?‘\ds absorber 1(Cu) iron of quadrupoles absorber 3
]
A1 4
spoiler 1 .
(Al \ spoiler 2
]
L. undulator
) module 1
100 200/ 300 400 500
Z'em
lead shield

vacuum beam pipes

Electrons hitting the first spoiler:

=00
efem

Electrons hitting the second soi

=00
=iom

secondary particles at the entrance of UND1

-5 0 x/mm 5

secondary particles at the entrance of UND2

-5 0 x/mm 5
secondary particles behind UND3

L I
~: :‘.‘ ) °
“e .'- 1] \.c"f‘

e gi "

-5 0 x/mm 5 -5 0 x/mm 5
E= 230 MeV, To= 50%
energy deposition and transmission of secondary particles [%]
e~ incidence | e~ incidence 1kJ energy incident
on spoiler 1 | on spoiler 2 on the spoilers
Frgepa %] Laep2 %) 37.6% Fogep + 42.2% Egep2 |T]
spoiler 1 52.5 0.0 3021
gpoiler 2 1.8 43.9 196.53
absorber 1 17.3 0.0 100.0
absorber 2 0.2 22.8 a7.6
absorber 3 0.0 0.5 2.2
beam pipes 3.0 4.2 350
lead shield 205 0.0 118.6
quadrupoles 0.6 16.0 T4
outside boundary 4.0 12.1 718
transmit to
undulator 0.04 0.43 2.0
sum 100 100 1000
efficiency x10 higher for spoiler1
Halo'03

T ES L A
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absorbed dose [Gy/kJ]

Collimator Performance
- energy deposition in undulator -

EM-shower in undulator

iem

secondary particles generated at the spoilers
which escaped the absorber system
100 L :Ié I; 1 :' : 1 1 1 1 1 L} Hl

dipol:(0, 13)
dipol:(0, 9.5) {
dipol:(0,~9.5)
dipol:(0, 13)
quad:{16, 7)
quad:(-16, 7)
dosis;( 0, 7)

(0 §

Hoeoaanr by

the limited energy bandwidth of the collimator
i | ::' i :' i :! i : :': : i 4 dipol:(0, 13) '
! : : ; : a  dipol(0, 9.5) e
¢ quad:(16,7) [
¢ quad:i(-16,7) |
O dosisi(0,7) |
J# dosis:( 0, -7) |
— dE

-
=]

..............

absorbed dose [Gy/kJ] and incident energy distribution [kJ/m]

10
10° bt b Al R Rds B RS G e 3
........... ]
.................. ! ! !

-1 1 o I [ 1 P

10 il I iy i i
0 0.5 1 1.5 2 2.5 3 3.5 4 4.5

zim

*Gain of about 3 orders in magnitude (primary
versus secondary losses)

*Rapid drop of dose in lateral direction

*Pattern strongly dependent on beam loss
mechanism

-Simulated dosimeter overestimate deposited dose
*Can be used to identify operation errors of
collimator section

10 1 E]I5 2 I2.‘é ! _'I’)I 4.5
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Collimator Performance
- examples for measured dose rates -

Integrated beam current Dosimeter values

. . 5 ¥ e TLD1
2.5 I ;4 | Z u
E 14 1100, 22??0. ERAR 10.12 17.12 14.1. 230 42, |123.2. A *TLD2
ERE > 300 OTLD3
T2
Zn g i
g 10
2 a
£y 250
7
5 L n
5 0231
4 | —
3 200 \\\ Large loss due to
2 caine — L dark current
1 Daten kein Betrieb lkein Betrieh .
0 L L L 1 Horizontal o)
1.10. 1.1, 1.12 1.1 1.2 Datum ‘] 50 orbit 12.2.
Figure 1: Averaged charge per macro pulse. m|Sa||gn ngh C.Urren?:
operation with
e The smallest ration dose versus charge amounts to 5kGy /C', 100 5.11. small losses l
vermuawlerni 4‘7-12
e [ 4 week with 80% availabilty about 57.6 C' is trans- = 2210 N
ported 50—
= 290 kGy 1s the expected absorbed dose in the un- Seoondary radiation
dulator after the high gradient long macropulse test. oL |y | g from collimator T

I
0 2 4 6 8 10 12 14 16 18
integrierte Ladung [mC]

Figure 2: The first three dosimeter values are plotted agains the integrated charge. Different sources ol beam
losses can be identified by the ration of the dosemeter values.
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Beam Loss Monitor System
-Layout-

low radiation level = scintillator (plate or long rod)
high radiation level = secondary emission photomultiplier

Multiplier
(scintillator/SEM)
DAC

/./ \HHM

scope at | /fast

control integrator
room 1us
&HHH
fast ADC
- +7 1MHz %@
Thel beam inhibit
~ DA
a system (BIS)

Holger Schlarb DESY

MES L. A

e Secondary emission or photo-
multiplier used

* Full integrated to beam inhibit
system (BIS)

10 us beam allowed (mask)
« 2.2 us reaction time

Signal Processing:

Small DC offset proportional to the PM1COL1 integrated signal
high voltage supplied to the photomultiplier

/ of PM1COL1
i SR

Tek Run: 62.5MS/s Pk Detect
[

T A ~ : step-like
T : n‘ J ’ h .:- U oy ke :ﬁspotnseotf
NSRRI SV I L " = e integrator
T T T R g fuetote
Slope induced o : :

Reset of integrator | ; |

- The losses of
(dead time) D : T

iDC trigger * ’

Ve Tho Z00mv W 400ms CAT

three bunches
*' are shown

integrated Signalcl’ﬂ é'|UU Ve Ch2
of PM2COL1 [Ch3] 100 muvs 1
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Beam Loss Monitor System
- Loss monitor distribution -

disp. area | exp. area,|

(EXP3)
180-340 MeV
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Control Panel for machine interlock

Operation Bean Mode: Pers.
Mode: 1ous I
Reset
Analysis Beanm OFF
Injector Go_Long Long?
Linac Go_Short
Photonultipliers:

M. Stascic 10.07 2001

KEYO. ..

Int:

TOROIDS. ..

PMs...

details. ..

GUN

L Clav

T2 el

a2 33\
T

UNDL  UWD?  UND3

T7

Torm’ds:I
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Beam loss monitor display

5 TTEDIAG/AD C/UNDT.ADC4/ CHOO

history beam losses b it b b

ELM PM1_COL1 (abs_1) [V*us] PM

[v*us]
4.

0.18

0.14
0.12

losses

threshold

dark current

-0.021

700. 760.

Res= 1,Buf=|3

I 1
B20. 900

[ps]

j RF gun
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beam profile nC/mm

Beam Loss Monitor System
- PM-calibration -

PM with resolutions of 0.5% = calibration using difference
between up and down-stream toroids

e PM with resolutions below 0.5% — induce small beam losses in
controlled way

_ ] o . . .
Wire scanner profile 90% of charge 4OW|re scanner induced losses (simul.)

| | i — prcfile ] ] -".::g‘i"--' - :" : I i | )

: : : — EI'O;:Q; ) X h'ttlng 30 Wi Fev, T ‘.
_i_ _____ i____' _i _____ N ;?Jadgnétc;tllﬁgt%n: the Wi r e e 20f ’ : .

& hiting the wire = 0.5% || = . =

—i— ————— i————— I gc{uﬁra?eh?q =§.;459’;0 IS Iost iIn :>:~, 108 %

| | i i o ol
S N R e R 1= undulator 5 I .

| | | | % .

I I | | N S F [ i A ] B ool etet R

| | | | | s | =

| | | | | a |/ .

| | | | | = ~2ff - N .o

IR (. S TR L .

T -40f "0 .

| I// : | 2 |l B - - .
] 1 (DT T (T

| | I | | —60
-15 -1 -0.5 w/mm 0.5 1 ’ ’ undulator axis zfm10 "

Holger Schlarb DESY MES LA Halo'03

05/23/2003



charge incidence on 20um wire [pC]

Beam Loss Monitor System
PM-calibration

goTW0 PMS used for callbratlon PPMTUND3 05.05.2002 03:432519]  3Q = 7.2uC
| PM1EXP1 | data PMAUND3 0.06 = _
=) Y E S —— 5 fit Q[pC] = 1.14*U = ! macropulse 800 ps @ 2.25 MHz ! — 0.05
R T - P " ]
70F-—-—--1 | | - 0.05— i jtotal losses ] 0.04 O
________ =25F-"d——ed L — - | _, o ; iz q=231.8pC] =
60 = i i i i % 0.04— i xS . 7 %
________ = . c - i . N - mean e —10.03 2
50 S AT 2 0.03— e e T 4 8
o - b - | . =
40 ———-=—14— O Y A R R 9 g E - : | — 0022
S L [ | [ - 0.02¢ | | n -
30— r = } : } : % - i smaller losses for the first bunches ! ] 0.01 8
c .- = C * in amacropulse are observed : —1 U,
200 | g Attt § 001 | | 1005
| | | = RS = B
10+ — semem 4 o cwsssre we wie 0
H R S R oF T
0] B % : } : -0.01 ;! R T T I R S N N ol b by
10 op-®*-——-7——————7—-— 600 800 1000 1200 1400 1600 1800
0 0 10 20 30 time [us]
x [mm] Equivalent beam loss [pC]

* Interlock levels can be adjusted to resolve 10e-6 losses in the undulator region
« Limited by back ground radiation from other locations in the linac
* Fully integrated to TTF interlock
After disassembly of undulator, no field degradation has been measure
(integr. depos. dose ~ 30kGy)
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Conclusion
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Bunch Compressor 2 (BC2)

20 deg.

Nominal bending angle
Momentum acceptance
Horizontal dispersion
Longitudinal dispersion
Additional path length
Chamber material
Chamber height
Effective dipole length
Distance outer dipoles
Distance inner dipoles

Q5-Q7

e

—

-14% to +20%
393 mm
227 mm
105 mm
Al
23 mm
513 mm
487 mm
1287 mm

rmirror/grating
for RAFEL 4

dipole 4 \ dipole 3 | BFM2

44|

P
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136+ 1361
_§134,GE=1.64 MeV i _5134-GE=1'64 MeV
= uncorr _ = core _
-_'%133—0E = 25 keV | _:%133_(52 =42 um
L2 »
o~
5 192- %132—
£131¢ =131t
130~ 1301
129~ 129+
12—810 -5 0 5 10 12§3 -1
longitudinal distribution/mm longitudinal distribution/mm
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Bunch Compressor 2

madule 2 Sﬂje—m maciule 1
37320 beam 27 5865
— . 3.5

LT

®
= wil =
: ' i = ! !
s i i ! ! 44
i i g 5
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Signal processing

Signals of PM to fast for ADCs = gated fast integrator
Resistive divider adds DC-offset «« HV = controls PM
Discriminator triggers interlock = 2.2us to switch off laser

Small DC offset proportional to the PM1COL1 integrated signal
high voltage supplied to the photomultiplier of PM1COL1
— il perie 223emy step-like
o 1 | ewmerc response of
. | 1. the integrator
S 5 : nierpr  duetothe
. _ _ Sl T 200my beam losses
Slope induced : Co o
by DC offset T T ——— pwvz2eoLt
Resetofintegrator | " Lot | =l 7y % The losses of
(dead time) ﬁ S “ 1 7T three bunches
i * * * are shown
integrated signali_ .~ AbCtigger v . ]
A WS 00Rs “CHT 7 =T28mY
of PM2COL1 & 00 s
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TESLA Test Facility Linac Phase |l

, 1000 450 MeV 150 MeV 4 MeV
experimental bypass MeV
area

BC 3 BC 2 \K‘x

_——r £ 4 L .,

||_L—;—‘J{L i;.:ﬂ: 'm iﬂ:}liﬂ':[}l!lﬂl.:.]—.—.

#7 #6 #5 #4 #3 #2 module RF gun

#1
250 m >

User facility with photons in the nm range

TTF1

SASE FEL

Experimental Hall

Start: 2003/07
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E [J]

Gain Saturation at 80-120 nm

Gain process can be interrupted by 15 steering magnets:

1| TTF-FEL saturation

|| September 10.2001

i| Wavelength 98.1nm

1| Power gain length 0.67m

< || Energy in rad. pules 90pJ

numerical
simulation

Equivalent
shot noise
input energy
0.3 pJ

Holger Schlarb DESY

N

Radiation pulse duration (FWHM) 30-100 fs

Radiation peak power

Spectrum width

Bunch charge

Charge in radiative part of bunch

M ES L A

1 GW
1%
2.8 nC
0.2nC
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Performance of the collimator

 Phase space acceptance

inner acceptance phase ellipse
of undulator a"
und )

=13.8 um of collimator
( [jund 0L

E
electron beam
=0.011 um or

norm. eN=5pum
{ Bbeam (_})eam

-5 0 5

x/mm
(E =230 MeV) 1.4 mm clearance

inside the undulator

Holger Schlarb DESY

outer acceptance phase ellipse

energy deviation AE/E, [%]

MES L A

. Ootlcs at colllmator

X qqrt(l})
101 : : |
| section ACC 3 | collimator | undulator
o~ | | |
= | ! I
e 8 | . ]
= | | 1
= | | I
g 6 | | | i
73 | | |
== | 1 |
. B
@ 4 N B s8 1
\ \. ' BT = .g :
! \ & 8 5
ol | } f bk _
} } | ..I_o Ir\vl\'l\vl\ O
o AN, [ i L
55 60 (%? 70 75
linac axis z/m

Energy acceptance

[ £90.0 %
[ 2900 %
B »99.0 %
Bl =999 %
Il >1-1e-5

15

10

-20 : '
150 200 250 300 350
nominal energy E, [MeV]
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Tracking of secondary particles
« EM-shower in collimator and undulator are simulated

secondary particles generated at the spoilers
which escaped the absorber system

0 !

dipol:(0, 13)
dipol:(0, 8.5) {
dipol:(0,—9.5)
dipol:(0, 13)

quad: (16, 7)

quad:(—18, 7)
dosis:( 0, 7)

Qooddbb

absorbed dose [Gy/kJ]

ECE]
=S

Electrons hitting the second soi

Energy deposition along the undulator

the limited energy bandwidth of the collimator
| ! ! 1R T T I

dipol:(0, 13) i

A
2 dipol:(0, 9.5)
© quad:i(16,7)
€ quad:i(—16,7)
© dosis:i(0,7)

H#  dosis:( 0, -7)

absorbed dose [Gy/kl] and incident energy distribution [kJ/m]
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Scheme of TTF Linac Phase |

» ~100 m >
4 MeV 16 MeV 120 MeV 240 MeV
laser driven booster photon beam
electron gun cavity superconducting accelerating cavities undulator diagnostics
] &= E ] [ ]
%, \ N
e'_- heam. bunch collimator e'_- beam.
laser diagnostics compressor diagnostics
Goals:

a) Test Facility for SC-modules
b) Proof-of-principle of SASE-FEL
TTF Linac:
* RF photo injector
 Two SC-acceleration modules
« Bunch compressor (BC2)
« Collimation system
* Three undulator modules

Holger Schlarb DESY TESsLA Halo'03
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Scheme of TTF Linac Phase |

4 MeV 16 MeV 120 MeV 240 MeV
laser driven booster photon beam
electron gun cavity superconducting accelerating cavities undulator diagnostics

e- heam. bunch collimator o beam_
laser diagnostics compressor diagnostics

Goals:
a) Test Facility for SC modules
b) Proof-of-principle of SASE-FEL
Linac:
 RF photo injector
« Two SC-acceleration modules
« Bunch compressor (BC2)
« Collimation system
* Three undulator modules

I=8mAQI:tS8000S;5SY TESLA Halo'03
o ¥ - % S o o 05/23/2003




Undulator Modules

1700

support for magnet structures
843604 PP d
~ 4552.8 — hybrid t / -
. ybrid magnets
- * 4817 .2
. 4472.2 o
it
.'I_- l||
. ]
[t
L = l\

\. \ micro mover /
d|agnostlc undulator module 3 dmgnostlc undulator module 2 diagnostic undulator module 1 dIBQﬂDStIC
station 4 station 3 station 1
number of segments 3
period length Au 27.3 mm
number of poles 327
undulator peak field By 0.4582T
undulator rms field Bions 0.3210T
average K-value of undulator | K6 0.8184
average quadrupole gradient | ¢eqn | 10.497 T /m
length of quadrupole Ly 163.8 mm
length of FODO-cell Aropo | 955.5mm
undulator gap height h 12 mm
vacuum chamber radius Rona 4.75mm

Holger Schlarb DESY

M ES L A

Halo'03
05/23/2003



	Design and Performance of the at TESLA Test Facility Collimation System
	Scheme of TTF Linac Phase I
	Motivations for the collimation system
	Motivations for the collimation system- radiation outside tunnel shields -
	Generation of beam halo in a RF-gun
	Dark Current from RF-gun
	Dark Current from RF-gun
	Scheme of the collimation section
	Drawing of the collimator section
	Drawing of the collimator section
	Magnetic Properties of the Undulator
	Performance of the collimator
	Performance of the collimator
	Secondary particle efficiency
	Collimator Performance- energy deposition in undulator -
	Beam Loss Monitor System- Layout -
	Beam Loss Monitor System - Loss monitor distribution -
	Beam Loss Monitor System- PM-calibration -
	Beam Loss Monitor SystemPM-calibration
	Conclusion
	Bunch Compressor 2 (BC2)
	before BC2                                     after BC2
	Bunch Compressor 2
	Signal processing
	Picture RF-gun and cathode system
	TESLA Test Facility Linac Phase II
	Gain Saturation at 80-120 nm
	Performance of the collimator
	Tracking of secondary particles
	Scheme of TTF Linac Phase I
	Scheme of TTF Linac Phase I
	Undulator Modules

